The sustainable management of natural resources requires a thorough analysis of the land-use and forest cover dynamics and the effective factors in the changes occurring in them. This study investigated the roles played by social factors in the temporal changes in land cover and deforestation within the Torul State Forest Enterprise in northeastern Turkey. Between 2005 and 2016, this area was examined in terms of forest crime, demographic movement and forest dynamics using the Geographic Information System (GIS). Major changes were observed in the temporal dynamics of the forested areas and their parameters, with an overall net increase of 3.26%. There was a productive forest area increase of 16.459 ha. Regenerated-young stand areas had increased because of the regeneration activities carried out over the period. This was partially due to decreased forest crime, decreased rural population and increased gross national product (GNP), which had been below Turkey's average.
INTRODUCTION
Over the last 30 years, the number of studies focusing on the human-environment relationship has been increasing in order to determine the socio-demographic structure and the effect of the changes on forest assets (Call et al., 2017) . In this context, the impact of the population on natural resources as the most important element of the sociodemographic structure is the main topic of the continuing work on the population-environment relationship (Tritsch & Le Tourneau, 2016) . Especially in the study of tropical forests, the impact of population density on deforestation in the region has been revealed (Lopez-Carr & Burgdorfer, 2013; Laurance et al., 2014) . Many investigations have found the human attitude to be the most fundamental factor in changing the patterns of land use on a local, regional and global scale (Wyman & Stein, 2010) . According to Newman et al. (2014) , the factors that influence the increase and decrease of forest existence on the global scale fall into five groups which vary from region to region and include economic (urbanization, modernization, industrialization, relative poverty), political, technological, cultural and demographic factors. Sloan (2007) demonstrated the dynamics of these sociodemographic factors to be the occupational status, the population density, and the age composition of the people of the region. The process of converting forests into agricultural and pasture lands results in an increase in employment in the region as well as in a sudden rise in income. However, in the following years this leads to a serious reduction in forest resources and a decrease in soil fertility (Sears et al., 2007) . This negativity brings limited socio-economic benefits as well as high environmental costs (Weinhold et al., 2015) . However, after a long period of time, the negative impact on the forest is transformed into a dynamic form that increases the presence of forests (Angelsen, 2007) . Due to this transformation, positive effects can be seen including increased protection of forests, the importation of wood products due to lower costs, and an increase in the income of the rural population (Lambin & Meyfroidt, 2010) . Moreover, according to the environmental Kuznets curve hypothesis, the environmental pollution that increases with industrialization will decrease after a certain point. This is especially the case for people living in the rural areas, for as their incomes increase, they will benefit from the ecological and socio-cultural functions of the forests rather than from the raw materials of the wood. For this reason, a balance of protection and utilization of the forest areas can be achieved by eliminating or reducing the pressure on them.
In addition to the socio-demographic impacts on forest areas, land-use/land-cover changes have been investigated for a long time and many studies have been conducted to analyze the factors effecting this change. In these studies, land-use/land-cover change (Sancar et al,. 2009; Özen Turan et al., 2010; Şen et al., 2015) , forest dynamics (Başkent & Kadıoğulları, 2007; Günlü et al., 2009; Kadıoğulları, 2013; Padilla et al., 2010; Kadıoğulları et al., 2014) , forest succession (Terzioğlu et al., 2009; Terzioğlu et al., 2010) , spatial changes of land-cover types (Özen Turan et al., 2010; Paudel & Yuan, 2012; Meneses et al., 2017) , population growth (Bewket, 2002) , pasturing (Calvas et al., 2013) , urbanization (Dewan et al., 2012; Alphan & Nil, 2016; Alphan, 2017) and global market forces (Beilin et al., 2014) have all been examined by researchers. In these studies, many references such as satellite images and forest-management plan maps have been used. Forest-management plans were completed for the first time in Turkey between 1963 and 1972 and these provided the basis of forest land/cover changes. From the beginning of that planning period to the present, forest management plans have been updated periodically every 10 or 20 years. When comparing the management-plan inventory data from the first planning period (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) with those of 2015, a net increase of 2.143.639 ha in total forest area can be seen. During this period (43 years), the amount of productive forest area increased by 3.847.691 ha, while degraded forest areas decreased by about 1.704.052 ha (GDF, 2015) .
This study analyzed the effects of forest crime change and demographic movement on the spatio-temporal changes in forest-cover type and stand parameters in a typical mountain forest ecosystem of Turkey over a specific time period. The objectives of this research were to: (1) map land-use/land-cover change over an 11-year period; (2) map forestation and transition of stand parameters by using GIS; (3) describe the ways in which demographic movement and forest-crime changes affect forestation/deforestation.
MATERIALS AND METHODS

Study Area
Torul State Forest Enterprise is located in a typical mountain watershed covering an area of 150.434,2 ha in northeastern Turkey, according to the boundaries of the 2016 stand-type maps (Figure 1) . The altitude varies between 500 and 3.200 m above sea level with an average slope of approximately 24% (Kadıoğuları et al. 2008) . The Torul State Forest Enterprise officially encompasses the town of Torul. Between 2000 and 2015, the demographic characteristics of Torul were mostly dominated by the diminishing rural population due to migration to urban centers, both within and outside of the district (Table 1) (Anonymous 2016b.) . During the study period, the urban population of Torul District grew by 14% (from 8.080 to 11.313), whereas the rural population decreased by nearly half (from 22.882 to 12.701). Thus, although there was an increase in the total urban population, in the Torul Forest Enterprise, the total rural population had decreased from 30.962 to 24.014 (Table 1) (Anonymous 2016b ).
An examination of the socioeconomic structure of the area revealed that the gross national product (GNP) of the Torul District was below the national average, with most of the population making a living from agriculture and and livestock breeding. However, it is obvious that the rate of national income per capita had increased regularly from 2004 to 2015, in proportion with the average of Turkey. The income of people living in the rural area and in the central city increased and consequently, their approach to the environment changed as the threshold of the Kuznets curve was reached (Table 2) (Anonymous 2016a.) . In addition to the GNP values, the change in the amount of forest crime was also examined. There was a steady decline in the forest crimes commited in the Torul Forest Enterprise after the relative increase during the 2007-2008 general election period, and ratio of the Torul forest crime rate versus the total amount of forest crime in Turkey showed a steadily declining change (Table 3 ) (Anonymous 2015) .
Contribution of this paper to the literature
• Land use change in the region has been revealed.
• The change in the forests was examined up to the diameter steps and the structural change of the forest was determined.
• Structural change of forests has been associated with demographic and socio-economic change. 
Data Collection
For the spatio-temporal analysis of the forest structure, first, digitization and rectification of the 2005 stand-type maps were performed (GDF, 2005) , and then generation of the spatial database via Arc/Info GIS 10* was carried out with the help of GIS specialists. Second, the digital 2016 stand-type maps were obtained from the forestmanagement plans (GDF, 2016) after which analyses of the spatial and temporal changes and the transition of land- use types were carried out via GIS. Finally, the analysis process was completed by calculating the forest improvement or deforestation rate over the time period.
The data used in this research included the stand maps from 2005 coordinated with 1/25.000-scale topographical maps drawn in the digital environment, i.e., the maps were made from photographs and later digitized in GIS. The 2005 stand maps used 1/16.000-scale, colored, infra-red aerial photographs taken in 2002, while the 2016 stand maps used data taken in 2013 at 45 cm spatial resolution.
Digitizing and Geometric Correction of Stand-type Maps
The 2005 stand-type maps were scanned and coordinated using 1/25.000-scale topographical maps, and then drawn in the digital environment using UTM projection (WGS 84 data) and first-order nearest-neighbor rules, i.e., first of all, the maps were made from photographs and then these maps were digitized in GIS. The topographical maps were used for coordinate registration. The rectified forest stand-type maps were digitized with a screen view scale of 1/3.000 -1/5.000 by a group of GIS experts in the Trabzon Regional Directory of Forestry (GDF 2016).
Transition and Spatial Analysis of Land-cover Types and Forest Parameters
After the changes in the percentage of land use and forest parameters were analyzed, an evaluation of the temporal transitions among the land use types was carried out and recorded. This allowed the composition and configuration of the forest resources to be examined in relation to the temporal dynamics of various parameters. The periodic results gathered from the management plans were used to evaluate the transitions. The polygon themes for 2005 and 2016 including the land use, developmental stage and crown closure were superimposed, and then an area from each of the classes was converted to one of the other classes and computed.
Analysis of Forestation / Deforestation Rate
In addition to analyzing transitions of land-use types and forest parameters, the forest improvement or deforestation rate over time was determined for the selected period. The average forest improvement rate was computed via the compound-interest-rate method according to its explicit biological meaning (Puyravaud, 2003) :
where P is the percentage of productive/total forest improvement per year, and A1 and A2 are the amounts of total forest cover or productive forest areas at times t1 and t2, respectively (Kadıoğulları, 2013) .
RESULTS
Temporal Changes in Forest Structure
A net increase of 4910 ha of total forest area occurred in the period from 2005 to 2016, as seen in the digitized stand-type maps from the forest-management plans. This led to an increase of 16.549 ha in the productive forest areas and a decrease of 11.549 ha in the degraded forest areas (Figure 2) . Consequently, the net increase in the total forested areas between 2005 and 2016 was 3.26% (Table 4, Figure 2) , and the cumulative improvement of the forested area was 6.4% over the same period. Further analyses of the digital stand-type maps were conducted in order to detect any structural changes in the forest by examining various parameters such as crown closure. Between the years 2005 and 2016, crown closure had increased in the total forest area, with stands classified as crown closure-3 (> 70%) increased by around 13.3%, crown closure-1 stands (11%-40%) by around 2.93%, and crown closure-2 stands (41%-70%) by about 6.88%. Crown closure of degraded forest areas (< 10%) had decreased by about 15.01% of the landscape (Table 5, Figure 3) . In general, the changes of crown closure indicated that, all crown closure areas (classes 1, 2 and 3) had increased between 2005 and 2016, while the degraded forest areas had decreased. The total forest area increase of about 6.38% (76.896,7 ha in 2005) demonstrated that the structural quality of the forest had been improved. The parameter of the developmental stages of forest ecosystems can also be analyzed to demonstrate change in the structural quality of the forest. In the digital, 2005 stand-type maps, the forest was generally divided into developmental stage-a (regenerated), stage-bc (young/mature), stage-c (mature), stage-cd (mature/over-mature) and stage-d (over-mature), having areas of 1.727 ha, 9.984 ha, 7.133 ha, 16.108 ha and 1.188 ha, respectively (Table 6, Figure 4) . In 2016, the forest was mostly concentrated within the developmental stages ab, bc and cd. The increases in the stages of a and ab indicated the adequacy of the regenerated areas for maintaining sustainable forestry. The remaining areas were allowed to mature into older developmental stages, with an increase in the cd stage of around 7.490 ha. 
Transition among Land Cover / Land-use Types
Between 2005 and 2016, determination of the changes among major forest-cover types was based on digital, forest-management plan stand-type maps. A comprehensive analysis showed a transition of around 6.656 ha of total forest areas (both productive and degraded) into non-forest areas, and 11.566 ha of non-forest areas into forest areas, with a 4.910 ha net increase in forest areas. Degraded forest areas had been changed into around 15.096 ha of productive forest, whereas productive forest areas had been changed into about 1.618 ha of degraded forest. (Table 5) .
Based on digital stand-type maps, subsequent analyses were carried out on the crown closure temporal dynamics and changes. Nearly 1.022 ha of fully covered areas had been heavily thinned into low coverage and 3.328 ha into medium coverage, while 1.624 ha of low-cover areas and 1.761 ha of medium-cover areas had been developed into fully covered areas. Moreover, 6.048 ha of degraded forest had been changed into medium-cover areas and 5.552 ha into fully covered areas ( Table 6 ).
Analysis of Forestation / Deforestation Rate
In addition to the analyses of land-use type, crown closure and developmental stage transitions, the forest improvement or deforestation rate over time was established for the selected period (2005 -2016) . This was calculated as an average annual improvement rate of 0.56% for the degraded and productive forests combined, but as an average annual improvement rate of 3.27% for the productive forest areas alone. All these changes showed that the forests in general, productive forests and forest quality had all increased substantially.
DISCUSSION AND CONCLUSIONS
Turkey is a country rich in natural resources and biodiversity, with local populations living in or around the forests. In recent years, much research has been devoted to examining the population shift away from the rural areas and the related changes in land use/cover, and to analyzing the resulting forest dynamics. However, very few studies have investigated the forest dynamics associated with forest crime and the economic status of the rural population. This study employed GIS to analyze the impact of the rural population, forest crime and income status on forest dynamics and land-cover change. At the same time, the crown closure, developmental stages, land-cover change and the transitions between them in the Torul Forest Enterprise in particular have been presented in detail in tabular and map form.
Earlier research carried out in the same study area reported the overall changes from 1984 to 2005 using forestmanagement plans. A 19.9% net increase in total forested areas, amounting to an annual forest improvement rate of 0.92%, was found . Further analyses were conducted on the stand-type maps in order to detect any changes in the forest structure. In general, from 1984 to 2005, crown closure changes included decreases in class-2 and class-1 crown closure areas, increases in class-3 crown closure areas, increases in degraded forest and increases in the quality of the forest structure. The developmental stages of forest ecosystems can be considered as another parameter in the analysis of the changes in the quality of the forest structure. Transitions in the developmental stages in the form of changes to higher stages indicate the adequacy of regenerated areas for supporting sustainable forestry. The remainder of the area was allowed to grow into the older developmental stages, with the general interpretation that the forest had already been developing into older stages .
Several important Turkish studies have reported similar findings. Research conducted by in the same region of northeastern Turkey found a 1.6% cumulative forest improvement (6.928 ha) with a 6.54% rate for the forested areas for the entire Gümüşhane Province between 1987 and 2000. This amounts to an annual forest improvement rate of of 0.50%, according to the Landsat images used. By examining stand-type maps of the same area, another study noted a decrease (from 50.92% in 1984 to 48.62% in 2007) in the amount of forest cover in the Rize Forest Enterprise. Between 1984 and 2007, 2.30% of the entire area of Rize Forest Enterprise (2.299 ha) and 4.52% of the forested area had witnessed cumulative forest disturbance, amounting to a forest improvement rate of 0.20% per year. In addition, one study of the Yalnızçam and Uğurlu forest planning units in northeastern Turkey reported an average rate of 0.40% per year for forest improvement (Kadıoğulları, 2013) . Moreover, similar forest improvement results have been determined for the entire country of Turkey (78.004.644 ha). Based on the first assessment of the 1963 -1972 inventory results, Turkey had 20.199.296 ha of forest area covering about 26.1% of the country's total land area. Now, the latest forest inventory data show that, based on the forest-management plans up to the end of 2015, Turkey has 22.342.935 ha of forest area, accounting for about 28.64% of the country's total land area, with 99.9% of the forest area owned by the state (GDF, 2015) . The results indicated that the total forest areas had increased by 2.14 million ha over the 43-year period. In other words, the forested areas of Turkey exhibited increases of about 3.84 million ha of total productive forest improvement versus decreases of about 1.70 million ha of degraded forests. This translates into an average annual total forest improvement rate of 0.229%, with an average annual productive forest improvement rate of 0.82%. These observed trends generally have been explained by the plantation of degraded forestlands and open areas, natural regeneration on lands abandoned as a result of migration from villages inside or near forests, increased public awareness and respect for the environment and lastly, sustainable management of the forests by the General Directorate of Forestry (GDF, 2015) . Considering the annual rate of total forest improvement alone, the value in the study area (0.56%) is higher than that of Turkey as a whole (0.17%).
Furthermore, overall crown closure changes showed that, between 2005 and 2016, productive forest areas had increased respectively by about 16.549 ha, fully covered forest areas by about 10.233 ha, and low coverage forest areas by about 5.293 ha, while the degraded forest areas had decreased by about 11.549 ha. Productive forest areas and fully covered areas had increased substantially with respect to crown closure. Another stand parameter, which of the developmental stages between 2005 and 2016, was also analyzed. Overall changes showed that stage-a and stage-ab areas had increased by about 3.290 ha, those of stage-c had decreased by about 2.406 ha, and those of stage-cd mature forest (in 2015) had increased by about 7.490 ha. These changes revealed that regenerated, young and over-mature forest areas had increased quite remarkably, whereas mature forest areas had significantly decreased.
The positive changes in both amount and quality in forest areas was also examined along with changes in the socio-economic structure. It was clear that the amount of crime in the Torul Forestry Enterprise had decreased significantly due to the population decline in the rural areas, with the changes occurring in parallel with each other (Figure 5 ). This course of positive change in quality and quantity was also seen in the forest ecosystem.
In addition, the ratio of the average national per capita income vs. that in the Torul Forest Enterprise and the average forest crime rate of Turkey as a whole vs. the local rate were analyzed. As a result of this analysis, there was an inverse relationship seen between the per capita income and the forest crime, except during the 2007-2008 general election period. This change, when explained by the Kuznet hypothesis, shows that decreases in rural population and increases in income levels lead to awareness and sensitivity to the environment over time, and to a decline in activities such as trenching and other improper utilization of forest areas. 
Forestry Developments and Forestry Education
In 19th century industrial revolution had important impact on living standards and population in Europe with market economy and developing technologies. These developments increased the demand on natural resources and forests. In order to meet with these increasing demands natural resources must be used efficiently. This situation imposes many tasks on the forest engineers who responsible for the management of the forests. Forest engineering is a profession open to nature and does not show a static structure. Many variables (social, economic, politic etc.) are influential in the profession. Therefore, another issue that such studies should reveal and which should be emphasized is the social aspect of forestry. It is known that the ecological reasons for the change in forests as well as the socio-economic characteristics of the people living in these areas are also influential. For this reason, the social dimension of forestry should be taken into account in forestry education in particular. Forestry studies in Turkey require a continuous two-way communication with people living in rural areas. The ability to live without this problem depends on the social skills of the forest engineers who work in the region (the ability to communicate, to build empathy, etc.).In this context, the necessity of socio-economic content courses that play an important role in forestry education also emerges. While the share of lessons with socio-economic content in forestry training of universities in USA, Australia and Sweden ranges between 23-36%, in Turkey this ratio is 7.5-14% (Toksoy & Bayramoğlu, 2016) . In order to correct this situation, it is necessary to increase the weight of social and economic subjects such as public relations, management, business and law in forestry education in Turkey.
